INTRODUCTION
Considerable research activity has been in progress over the last five years to overcome current aerodynamic problems likely to affect engine performance, and mechanical integrity. Early failures of engine compressor blades due to the ingestion of wall generated vortices are referred to in Reference 1, and since then further extensive investigations have explored the flow conditions from the cascaded elbow, which was selected as the design remedy and is now standard on all RN gas turbine powered ships. All such work, of which this is a typical example, has been carried out at research establishments and universities within the UK by theoretical analysis and model tests, supplemented whenever possible by comparisons with full scale measurements at shore trial facilities.
Fig 1 shows a typical COGAS engine arrangement from which it can be seen that the total installed size volume and therefore topweight is largely dictated by the ducting necessary to transport the gas into and out from the engine. Aero derived marine gas turbines are particularly susceptible to entry flow conditions, first row compressor blades tend to have a high aspect ratio to reduce frontal area, and are thus prone to failure from inlet flow distortion. There is therefore a requirement to reduce duct size in the interests of ships' topweight, installation size and cost, but without impairing the performance and mechanical integrity of the engine itself. Similar requirements apply to the engine intake, and turbine volute where a combination of bad flow conditions resulting from lack of attention to aerodynamic design has caused internal fractures by buffeting and acoustic resonance.
It is of interest to note the proportions of space and weight attributable to each of the main items in a typical installation shown on Fig 2, latitude for variations it is clear that one half of the total volume and weight is attributable to the installation ducting, and in fact a large proportion of this to the silencer splitters themselves and the necessary internal support required to house them. A considerable effort has therefore been directed to the possibility of replacing silencer splitters with non-intrusive acoustic attenuators, or where possible, deleting silencers completely. Since maximum gas velocities are restricted by the effect on silencer life, their deletion is a most direct and effective means of substantially reducing weight, cost, and allowing freedom in aerodynamic design. Throughout the model testing of alternative duct shapes and sizes, the effect on other components, in particular the engine intake and turbine volute, has always been included to arrive at the overall effect on the engine itself. It was observed for example, that a relatively small exhaust duct can improve overall engine performance, since the effect of a convergence after the turbine volute, improved the flow in this high loss region, which more than compensated for the higher velocities in the following ducting. Also it was observed that intake model test results derived on a rig can be modified in the presence of the engine compressor, depending upon the magnitude of the inlet flow distortion. Following the selection of an optimum rig design therefore this is always confirmed by further comparisons adjacent to a rig compressor, to determine the overall effects on engine performance. It was noted that relatively bad distortions are considerably attenuated in the presence of the compressor, and the value of testing a complete system, up to the engine face was clearly demonstrated. increase in velocity or Reynolds number. Since the possible adverse effects of an unsteady flow were considered to be more serious than the subject of the original investigation, it was decided to study this first. The effect of a sharp bend (uncascaded) had previously been investigated by Tunstall and Harvey, Reference 2, the characteristics of which are shown diagrammatically on Fig 3. In the arrangement inner wall separation is predictable, although the mechanism by which the flow periodically reverses direction of rotation is less easily understood, other than through instability of the vortex bubble, which in a circular duct cannot reasonably be expected to remain stationary. Expressing the frequency of switching in terms of Strouhal Number and that without and far upstream the worst. The effects of the cascade appear significant, from which it may be concluded that although the switching frequency is not changed, the amplitude certainly is. However, if all detectable flow instability is to be eliminated, attention to the design of the cascade is important. The preferred arrangement in which no observable switching occurred, was with blade pitching reduced towards the inner bend, in an arithmetical progression. A satisfactory design procedure is described in Reference 3, and a full report on this work is contained in Reference 4.
GAS GENERATOR

INTATE/COMPRESSOR INTERACTION
It is well known that intake flow distortion can affect engine perfor•ance and handling characteristics adversely, so that any attempt to reduce intake size must be considered in this light, and model tests initiated to calibrate flow. Such tests are, however, performed on a rig in isolation from engine intake conditions, and it is important to correct for this by calibrating intake velocity profiles in the presence of the engine compressor.
The rigs used are shown on Fig 6 and Fig 7 with the cascaded elbow in isolation from the compressor, and adjacent to it respectively. The rig compressor selected has three axial flow stages of similar characteristics to the first stages of an engine operating at low power conditions where low speed surge is most likely to occur. In all conditions tested the inlet profile measured on the remotely positioned rig was attenuated by the compressor, and no inlet velocity profile configuration was found to be amplified. However, work is continuing into regions of high distortion appropriate to intakes of severe geometric length constraints, in order to establish realistic data for the interpretation of acceptable rig model test results. This work is being carried out at the National Gas Turbine Establishment, Pyestock, and Reference 4 describes the results obtained from the mitred cascaded elbow intake configuration, currently in use on all RN gas turbine powered ships. 
TURBINE VOLUTE DESIGN
The turbine volute performs a similar duty to the intake cascaded elbow, in turning the gas through 90 0 , for entry into the exhaust systems. Due, however, to the presence of the drive shaft, it is not possible to use a cascaded elbow, and the "swept bend" type of geometry, currently used, and described in Reference 1, simply bifurcates the turbine outlet flow around the shaft and bearing housing, from the circular annulus at turbine exit, to a rectangular section at 90° to the vertical position. The flow at entry to the exhaust is predictably distorted with a high velocity to the outer wall, towards aft on Fig 1, and separated at the inner wall. The maximum to mean velocity ratio is of the order 1.8-2.0, and the total head pressure loss expressed in terms of velocity heads at turbine outlet is roughly 0.5. Since this represents the major part of the total exhaust system pressure loss, and severe damage to the uptake system and silencer splitters, has been caused by the highly distorted turbulent flow, work has been in progress at the Cranfield Institute of Technology to evolve an improved volute design.
A model of the volute arrangement is shown on Fig 8 , in which the essential features are the ability to vary geometry, including intrusion depth of the diffuser exit into the volute chamber to reduce length. Initial tests were with the vortex diffuser developed by Cranfield as indicated by the centre body slots, but this was subsequently replaced by a conventional diffuser, due to instability problems, unless considerable length is allowable. Since installation length is important, tests were confined to varying diffuser penetration, and the Flow characteristics were obtained by water visualisation, indicating a double vortex of high loss, which was little better than the currently used "swept bend", although the outlet velocity profile was improved. It was decided therefore to provide a fence against the facing volute chamber wall, to induce a standing vortex, which by filling the bottom cavity, would enable a single upward vortex to form, thus reducing mixing losses. The considerable improvement is shown by the dotted line extending from A to B, and the removal of the unstable region with the fence in position. The potential for worthwhile improvement is thus clearly demonstrated, and will be published as a full report when current tests incorporating varying uptake duct geometries, attached to the volute, are completed. Figure 10 shows a typical exhaust duct arrangement for two Olympus engines, the downtake duct proportions being similar but shorter. Requirements for both, are that velocities are kept low, to ensure good silencer life, which in the exhaust system defines the diffuser proportions necessary. However, as the flow into the diffuser is highly distorted and non-axial in direction, there is a considerable problem in ensuring suitable flow conditions within a reasonable space. In operation failures of silencer splitter supports have occurred, 8 and the ejection of internal items through the funnel has been a hazard ultimately requiring the removal of silencer splitters. The downtake problem is less severe, since flow conditions are steady, gases are cool, and silencers are lower in the ship. However, the incentive to reduce size and weight still applies, although for the exhaust end of the 
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Fig.14 installation rewards are greater. Following the removal of some exhaust silencer splitters for the reasons described, it was decided to collect as much data as possible, taking the Olympus engine as the example, to determine the actual noise attenuation being achieved. The results of this limited survey are shown on Fig 11 in which for both shore trials, and ship, the attenuation achieved was between 3-6dB. A review of current non-intrusive silencing methods, suggested that wall silencing of the acoustic reactive type, could achieve this level of attenuation, and indeed, the specification was for a much higher level of 15dB which both Rolls Royce and the National Gas Turbine Establishment considered could be achieved, in a 21 feet length of exhaust duct, typical of a ship's installation. Aero engine practice is to use a honeycomb construction for this type of silencing, in which the number of perforations as a proportion of the total surface area, and the depth and width of the honeycomb chambers, which act as Helmholtz resonators, specifies the frequency bands to be attenuated. However, due to the amount of cyclic expansion and contraction, such an arrangement was not considered to be mechanically viable, particularly in view of the relatively heavy construction necessary to withstand normal shock and blast. It was therefore decided to initiate a design study through Rolls Royce to overcome this problem, and to produce a whole uptake design, suitable for ship installation, which would first be shore trials tested at the National Gas Turbine Establishment, Marine Gas Turbine Department. Also by tender to the usual manufacturers, a cost, weight, and size was obtained for comparison with conventional ducting, incorporating silencer splitters. The type of exhaust duct which evolved from this study is shown
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The procedure described is for a typical exhaust system, this being the more difficult case, although the same approach to silencing, and duct size optimisation, is applicable to the intake duct, In both systems it is desirable to keep pressure losses to a minimum, and in the intake case where flow is relatively uniform, this is a function of duct size. In the exhaust system where highly distorted velocity profiles are generated in the turbine volute, this simple relationship no longer applies. This is because a change in flow area produces a change in profile distortion, which is reduced through a convergent section, and amplified through a divergent or diffusing section. An expression derived by Tyler and Williamson, Reference 6, can be rearranged to give the following: Vm Ho2.044 -1.13
1 (1) 2 AR°69-where Vm -maximum velocity, V = mean velocity, and AR = area ratio. For a converging passage and ignoring total head pressure loss, which will be small along a maximum velocity streamline, gives:
any other streamline, and assuming pressure is constant across any section, gives:
dividing by -V 2 2 and rearranging gives: Table 1 .
OPTIMUM DUCT CONFIGURATION
The design problems and operational experience of subjecting silencer splitters to highly distorted gas flows has been referred to, and the practicability of non-intrusive acoustic reactive wall silencing demonstrated. In defining the geometry of the full scale exhaust test section, no attempt was made to optimise the design for minimum size and weight, the configuration being shown as 1-3-6 on Fig 15, and consisting of a slightly diffusing transition section from the turbine volute, to a constant diameter, defined by the funnel plume velocity. Clearly, other geometries are possible, all of which would reduce duct size and weight further, and it will be demonstrated, without performance penalty. 
ie through a diverging section where the distortion factor defined by V increases, kinetic energy also V increases, and conversely in a convergent section, decreases. The ratio between inlet and outlet energy, obtained by simple two-dimensional integration across two typical simple profiles type 1 and type 2 is shown on Fig 16 for an inlet distortion factor of 2.0. The same relationship for a distortion factor of 1.0, would apply to flow in an intake, or duct of uniform undistorted flow. From this it can be seen that for highly distorted flows, the normal increase in kinetic energy associated with a convergence is delayed, and can initially reduce, suggesting a lower pressure loss, for a convergence, down to 0.85 of the inlet flow area. Clearly the change of kinetic energy, with area, will depend very much on the type of velocity profile, of which 1 and 2 are merely examples. By far the greater proportion of the exhaust pressure loss, and noise, is generated in the turbine volute, and very little in the following duct, so that if as expected, its performance is improved by the flow stability of a following convergence, this could also add to the initial advantages of a reduced duct size. Possible configurations are shown on Fig 15 radius R1 representing Fig.16 higher velocities induced before the funnel efflux, is achieved by means of diffusers 4-6 or 5-6, or the energy may be used to induce cooling air, and thus reduce 1.R. signature. To substantiate the claims made from this analysis, work has been completed at Salford University to measure overall duct losses with distorted inflow, preceded by three converging sections from the standard turbine swept bend volute. The results from this study have yet to be fully analysed and published, but have confirmed that the overall pressure loss coefficient does not begin to increase until the contraction area ratio reduces below 0.8. This is lower than the contraction of 0.85 predicted, and probably includes therefore the expected improved performance of the volute.
CONCLUSIONS
Significant reductions in marine gas turbine installation size, weight, and cost are possible without performance penalty, and for the same noise attenuation, studies performed using Olympus engine data indicate a 50 reduction in costs, size, and weight, which could be further reduced by optimising duct geometry by the means described. The work described has been initiated and supported by the Directorate of Research Maritime, Royal Navy, and carried out in the following UK research centres: National Gas Turbine Establishment Cranfield Institute of Technology Rolls Royce Ltd University of Salford University of Bristol (The author gratefully acknowledges their major contributions which has led to the successful outcome of this study). 
